This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



McGinn & Gibb, PLLC 
A Professional Limited Liability Company 
Patents, Trademarks, Copyrights, and Intellectual Property Law 
8321 Old Courthouse Road, Suite 200 
VIENNA, VIRGINIA 22182-3817 
Telephone (703) 761-4100 
Facsimile (703) 761-2375; (703) 761-2376 



APPLICATION 
FOR 
UNITED STATES 
LETTERS PATENT 



APPLICANT'S: ElJU KOMURO, ET AL. 



FOR: COMPACT ELECTRONIC COMPONENT 

INCLUDING PIEZO-ELECTRIC 
RESONATOR MOUNTED BY FACE-DOWN 
WITH IMPROVED RELIABILITY 



DOCKET NO.: 



P06276-US 



04-113-23 ;U4:44PM;*o-/i^gF£®jS 



McGINN&GIBB 



# 4/21 



COMPACT ELECTRONIC COMPONENT INCLUDING PIEZO ELECTRIC 
RESONATOR MOUNTED BY FACE-DOWN BONDING WITH IMPROVED 
RELIABILITY 



5 Background of the Invention: 

The present invention relates to an electronic component, 
particularly to the electronic component which uses a piezo-electric resonator 
utilizing a bulk wave propagating through a piezoelectric filxa. 

A piezo-electric resonator capable of advantageously being made 
10 small in size is used in a duplexer for separating a transmission signal and a 
reception signal, for example, in a portable wireless communication apparatus. 

In the duplexer using a conventional piezo-electric resonator, a 
transmission side filter and a reception side filter are made into respective 
packages. The respective packages are contained in a package for an electric 
15 circuit substrate to form the duplexer. With this structure, the 
above-mentioned advantages of small size cannot be sufficiently obtained in the 
duplexer. As a result, the duplexer inevitably becomes large in size. 

Under the circumstances, for the purpose of making the duplexer 
small in size, it can be considered that the piezo-electric resonator is mounted 
20 on a packaging substrate by a face-down bonding of a flip-chip using bumps 
(electrically connected projecting portion) in spite of a wire-bonding. By the 
flip chip bonding, since a chip of the piezo-electric resonator can be electrically 
connected to the packaging substrate within an area of the chip, a 
two-dimensional space on the packaging substrate can be used efficiently. In 
25 addition, the duplexer can be made small in height, because the flip-chip 
bonding uses no wire that forms a loop and therefore needs a height to some 
extent. 

Herein, a technique that the piezo-electric resonator is mounted on 
the packaging substrate by the flip -chip bonding is exemplified in, for example, 
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Japanese laid open Official Gazettes No, 2002-232253, No. Hei 10 270979, 
respectively. Further, a technique that two piezo-electric resonators are 
mounted on the packaging substrate by the flip -chip bonding to form a dup lexer 
is exemplified in, for example, Japanese laid open Official Gazettes No. Hei 
5 11-88111, No- 2003-179518, respectively 

However, in the above-mentioned techniques, no consideration is 
made about reliability in mounting, such as precision of positioning in the 
face-down bonding and the like, or about reliability in operation, such as 
changes of frequency characteristics and the like. 
10 In addition, it is necessary to consider further possibility of making 

the duplexer smaller in size. 

Summary of the Invention: 
It is an object of the present invention to provide a technique capable 
of improving reliability in an electronic component in which the piezo -electric 
15 resonator is mounted on the packaging substrate by the face-down bonding. 

It is another object of the present invention to provide a technique 
capable of rendering a compact electronic component smaller in size. 

Other objects of the present invention will become clear as the 
description proceeds. 

20 According to an aspect of the present invention, there is provided an 

electronic component, comprising* a piezo-electric resonator which is formed on 
an element substrate and which has a piezo -electric film, the piezo-electric 
resonator obtaining a signal having a predetermined resonant frequency by a 
bulk wave propagating through the piezo-electric film; a packaging substrate 

25 on which the piezo-electric resonator is mounted by a face -down bonding 
through an electrically connected projecting portion; a sealing member which is 
fixed on the packaging substrate and which seals the piezo-electric resonator; 
and a distance between a surface of the piezo-electric resonator facing the 
packaging substrate and a surface of the packaging substrate facing the 
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piezo-electric resonator being not larger than 100 jim. 

According to another aspect of the present invention, there is 
provided an electronic component, comprising^ a piezo-electric resonator which 
is formed on an element substrate and which has a piezo -electric film, the 
5 piezo-electric resonator obtaining a signal having a predetermined resonant 
frequency by a bulk wave propagating through the piezo-electric film; a 
packaging substrate on which the piezo-electric resonator is mounted by a 
face-down bonding through an electrically connected projecting portion; a 
sealing member which is fixed on the packaging substrate and which seals the 
10 piezo-electric resonator; and a maximum diameter of the electrically connected 
projecting portion being not larger than 150 urn when the electrically connected 
projecting portion is connected to the packaging substrate. 

The number of the electrically connected projecting portion formed on 
the piezo-electric resonator may be eight. 
15 According to yet another aspect of the present invention, there is 

provided an electronic component, comprising' a piezo-electric resonator which 
is formed on an element substrate and which has a piezo-electric film, the 
piezo-electric resonator obtaining a signal having a predetermined resonant 
frequency by a bulk wave propagating through the piezo-electric film; a 
20 packaging substrate on which the piezo-electric resonator is mounted by a 
face-down bonding through an electrically connected projecting portion; a 
sealing member which is fixed on the packaging substrate and which seals the 
. piezo-electric resonator; and a distance between a surface of the piezo-electric 
resonator facing the sealing member and a surface of the sealing member 
25 facing the piezo-electric resonator being not larger than 150 jam. 

The surface of the piezo-electric resonator facing the sealing member 
and the surface of the sealing member facing the piezo-electric resonator may 
be coupled with each other. 

A buffer may be located for burying a space between the piezo-electric 
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resonator and the packaging substrate. 

A buffer may be located fox- burying a space between the piezo-electric 
resonator and the sealing member. 

The buffer may be an adhesive for fixing the piezo-electric resonator 
5 and the sealing member. 

The electrically connected projecting portion may be formed by gold. 

A couple of the piezo-electric resonators may be mounted on the 
packaging substrate, one may be a transmission side filter for processing a 
transmission signal while another may be a reception side filter for processing 
10 a reception signal. 

The piezo-electric resonator may be an SMR type piezo electric 

resonator. 

Brief Description of the Drawings- 
Fig. 1 is a sectional view for schematically showing a piezo electric 
15 resonator used in an electronic component according to a first embodiment of 
the present invention,* 

Fig. 2 is a sectional view for schematically showing the electronic 
component according to the first embodiment of the present invention?' and 

Fig. 3 is a sectional view for schematically showing an electronic 
20 component according to a second embodiment of the present invention. 

Detailed Description of the Preferred Embodiments: 
Now, referring to Pigs. 1 and 2, description will proceed to an 
electronic component according to a first embodiment of the present invention. 
Fig. 1 is a sectional view for showing a piezo-electric resonator used in the 
25 electronic component according to the first embodiment of the present 
invention. Fig. 2 is a sectional view for showing the electronic component 
illustrated in Fig. 1. 

A piezo-electric resonator 10 illustrated in Fig. 1 is such a 
piezo-electric resonator that is called "SMR(Solidly Mounted Resonator) type 
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piezo-electric resonator''. In the piezo-electric resonator 10, an acoustic 
reflection film 12 composed of two thin films each having high acoustic 
impedance, for example, A1N films 12a and two thin films each having low 
acoustic impedance, for example, Si02 films 12b is formed on an element 
5 substrate 11 consisting substantially o£ for example, single crystal silicon with 
the respective four thin films being stacked alternately. A Pt film is deposited 
on the acoustic reflection film, 12 by a vacuum deposition method through an 
A1N film as an adhesion layer 13. The Pt film is subjected to patterning by 
lithography to form a lower electrode 14. 

10 Further, a piezo-electric film 15 of ZnO is deposited on the lower 

electrode 14 by a sputtering method. An Al film is deposited on the 
piezo-electric film 15 also by the sputtering method through a Cr film as an 
adhesion layer 16- The Al film is subjected to patterning by lithography to 
form an upper electrode 17. Besides, a thickness of the piezo-electric film 15 is 

15 generally not larger than 10 jam. It is therefore difficult to make ' the 
piezo-electric resonator 10 without using the element substrate 11. Further, a 
hole or holes can be formed on the piezo-electric film 15 by etching or the like so 
that the lower electrode 14 may be exposed. 

In the piezo-electric resonator 10 thus mentioned, bumps (electrically 

20 connected projecting portions) 18, such as stud bumps, plating bumps and the 
like are formed on the lower electrode 14 and the upper electrode 17, as 
illustrated in Figs. 2 and 3, Accordingly, let the piezo-electric resonator 10 be 
mounted on a packaging substrate 19 described later and then let alternating 
voltage be applied on the lower electrode 14 and the upper electrode 17. 

25 Consequently, a bulk wave propagates through the piezo-electric film 15 by 
piezo-electric effect and thereby a signal having a predetermined resonant 
frequency can be obtained. 

Besides, the acoustic reflection film 12 may not be formed. In this 
case, the lower electrode 14 is formed directly on the element substrate 11, 
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Further, the acoustic reflection film 12 is composed of four layers in this 
embodiment. The number of the layers of the acoustic reflection film 12 is not 
restricted to four. The acoustic reflection film 12 may be composed of any 
other number of thin films, when the thin films having acoustic impedances 
5 different from each other are stacked alternately Further, a material of each 
thin film is not restricted to the above-mentioned one. The above-mentioned 
material is merely one example thereof. Further, solder, gold, aluminum, 
copper and the like can be applied to the bumps 18. 

However, in a case that the solder is applied to the bumps 18, fluxes 

10 are likely to be scattered on a surface of the piezo-electric resonator 10 during 
solder heating and melting process. Further, in the case, impurities, such as 
melted flux of washing solution and the like are likely to remain after washing 
process. On the contrary, in a case that the gold is applied to the bumps 18, 
there is no fear of scattered fluxes and remaining impurities. It is therefore 

15 desirable that the bumps 18 are formed by gold. 

As illustrated in Figs. 2 and 3, the piezo-electric resonator 10 is 
mounted on the packaging substrate 19 through the bumps 18 by the face-down 
bonding. An annular spacer 20 is fixed in a peripheral portion of the 
packaging substrate 19. A lid (sealing member) 21 is fixed on the annular 

20 spacer 20, so that the piezo-electric resonator 10 is sealed to form an electronic 
component 22. 

Besides, in the illustrated example, the packaging substrate 19 and 
the lid 21 are fixed each other through the annular spacer 20. Alternatively, 
the packaging substrate 19 and the lid 21 may be directly fixed each other. 
25 This is achieved, for example, by making a wall of the peripheral portion of the 
packaging substrate 19, or by rendering the lid 21 to have a cap-like shape. 

In the electronic component 22 illustrated in Fig. 2, one piezo-electric 
resonator 10 is mounted to form a filter. On the other hand, in the electronic 
component 22 illustrated in Fig. 3, two piezo-electric resonators 10 are mounted. 



04-03-23 ;U4: d4PM;->0-/ 



McGINN&GIBB 



#10/21 



One of the two piezoelectric resonators 10 forms a transmission side filter 10a 
for processing a transmission signal while another one thereof forms a 
reception side filter 10b for processing a reception signal. In the present 
invention, one or a plurality of piezo-electric resonators 10 can be thus mounted 
5 on the packaging substrate 19. 

Herein, although only two bumps 18 are shown in Figs. 2 and 3 per 
each piezo-electric resonator 10, the piezo-electric resonator 10 is mounted on 
the packaging substrate 19 by the face -down bonding through eight bumps to 
make the electronic component 22 in this embodiment. 

10 At first, in the electronic component 22 thus mentioned, investigation 

was made about a distance L* (illustrated in Figs. 2 and 3) between a surface of 
the piezo-electric resonator 10 facing the packaging substrate 19 and a surface 
of the packaging substrate 19 facing the piezo-electric resonator 10, Namely, 
the distance Li is such a distance between a lower surface of the piezo-electric 

15 resonator 10 and an upper surface of the packaging substrate 19 in the sheets 
of Figs. 2 and 3. 

As a result, when the distance Li is 130 pm, junction positions of the 
bumps IS in the packaging substrate 19 have largely swerved from 
predetermined positions by =*= 15 pm. Accordingly, it becomes necessary to 

20 make a size of an electrode to be junctioned in the packaging substrate 19, 150 
x 150 pm 2 . On the other hand, when the distance Li is 100 pun, the junction 
positions of the bumps 18 in the packaging substrate 19 have swerved from the 
predetermined positions only by ± 7 pi. Accordingly, the size of the electrode 
to be junctioned in the packaging substrate 19 can be 120 * 120 pm 2 , which is 

25 smaller than the above size of 150 x 150 pm 2 . Besides, when the distance Li is 
50 pm, the junction positions of the bumps 18 in the packaging substrate 19 
have swerved from the predetermined positions only by ± 5 pi. Subsequently, 
the size of the electrode to be junctioned in the packaging substrate 19 is 115 x 
115 pm 2 . Further, when the distance L* is 25 pm, the junction positions of the 
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bumps IS in the packaging substrate 19 have swerved from the predetermined 
positions only by ± 3 pm. Subsequently, the size of the electrode to be 
junctioned in the packaging substrate 19 is 110 * 110 pm 2 . 

When the distance Li becomes larger, height of the bumps 13 also 
5 becomes larger. It is necessary that a plurality of the bumps 18 are stacked for 
the purpose of making the height of the bumps 18 become larger. In a case 
that a plurality of the bumps 18 are thus stacked, the stacked bumps 18 swerve 
inevitably from each other. As a result, it becomes difficult that the stacked 
bumps 18 stand vertically. Subsequently, when the piezo-electric resonator 10 

10 having a plurality of such bumps 18 is mounetd on the packaging substrate 19 
by the face -down bonding, the positions of respective bumps 18 in the 
packaging substrate 19 are likely to swerve from respective predetermined 
positions. Under the circumstances, in view of a relation between the distance 
Li and a swerve of the position, the distance Li is determined to be not larger 

15 than 100 p.m, preferably not larger than 50 pm, and more preferably not larger 
than 25 pm. Accordingly, precision of positioning becomes better in the 
face down bonding. Thereby, reliability of mounting can be improved in the 
face -down bonding. 

Next, further investigation was made as regards a maximum 

20 diameter L2 after the bumps 13 formed on the piezo-electric resonator 10 have 
been junctioned on the packaging substrate 19. 

Herein, when the maximum diameter L2 is 170 pxn, a pad having an 
area of 190 x 190 pi 2 is located on the piezo-electric resonator 10 with respect 
to one bump 18. Subsequently, in order to form the eight bumps 18, eight pads 

25 each having the area of 190 * 190 pm 2 are located on the piezo-electric 
resonator 10. As a result, the piezo a electric resonator 10 has come to have a 
size of 1 x 1.8 mm 2 including a portion of a filter. Further, if a diameter of the 
bump 18 is large, not only a load forced on the bump 18 at the time of junction 
but also an output of an ultrasonic wave become large. Consequently, cracks 
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are sometimes generated in an element substrate 11 on which the bumps 18 are 
formed in the piezo-electric resonator 10. In a case that the maximum 
diameter L2 is 170 ym, as mentioned above, in thirty percentages of the 
piezo-electric resonators 10 and with respect to at least one bump 18 among the 
5 eight bumps 18, a crack was generated in a portion of the element substrate 11 
on which the one bump 18 is located. 

On the other hand, when the maximum diameter L2 is 150 urn, a pad 
having an area of 165 x 165 pm 2 is located on the piezo-electric resonator 10 
with respect to one bump 18. Subsequently, in order to form the eight bumps 

10 18, eight pads each having the area of 165 x 165 pm 2 are located on the 
piezo-electric resonator 10. As a result, the piezo-electric resonator 10 has 
come to have a size of 1 x 1.7 mm 2 including a portion of a filter. Further, 
when the maximum diameter L2 is 100 pm, a pad having an area of 115 x 115 
Urn 2 is located on the piezo-electric resonator 10 with respect to one bump 18. 

15 Subsequently, in order to form the eight blimps 18, eight pads each having the 
area of 115 x 115 pm 2 are located On the piezo-electric resonator 10. As a 
result, the piezo-electric resonator 10 has come to have a size of 1 x 1,55 mm 2 
including a portion of a filter. Consequently, in a case that the maximum 
diameter L2 is 150 pm, only in approximately three percentages of the 

20 piezo-electric resonators 10, a crack was generated in a portion of the element 
substrate 11 on which the one bump 18 is located. On the other hand, in a 
case that the maximum diameter L2 is 100 pm, in none of the piezo-electric 
resonators 10, a crack was generated in a portion of the element substrate 11 on 
which the one bump 18 is located. 

25 Under the circumstances, it is, of course, desirable that the 

piezo-electric resonator 10 is made small in size. As regards the maximum 
diameter L2 and a size of the piezo-electric resonator 10, from the view point of 
an area efficiency and a possibility of generation of the cracks, it is preferable 
that the maximum diameter L2 is not larger than 150 pm. It is more 
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preferable that the maximum diameter L2 is not larger than 100 pm. The 
value of the maximum diameter L2 is particularly preferable, in. a case that the 
number of the bumps 13 is eight. 

Besides, for example, in a case that the bump 18 consisting of gold is 
5 used, ultrasonic waves are applied on the bump 13 in one direction thereof 
during junction of the bump 18, As a result, a shape of the plan view of the 
bump 18 after the junction is an oval shape or an elliptic shape. Herein, the 
largest value of the oval shape or the elliptic shape is defined as the maximum 
diameter L2. 

10 At last, an investigation was made as regards a distance L13 (illustrated 

in Figs. 2 and 3) between a surface of the piezo electric resonator 10 facing the 
lid 21 and a surface of the lid 21 facing the piezo electric resonator 10. Namely, 
the distance L3 is such a distance between an upper surface of the piezo -electric 
resonator 10 and a lower surface of the lid 21 in the sheets of Figs. 2 and 3. 

15 Besides, the lid 21 is kept at a ground voltage by a castration (a conductive 
member by making a groove at the side surface of the package and forming a 
conductive material therein) positioned at the side surface of the package. 

As a result, when the distance L3 is 200 pun, a center frequency of the 
piezo-electric resonator 10 is varied depending on a situation of ground of the 

20 lid 21 and the like. Accordingly, an electric characteristic of the filter became 
unstable. On the other hand, when the distance L3 is 150 jam, the center 
frequency of the piezo-electric resonator 10 was only varied by approximately 
0.1 percentage among approximately five percentages of the piezo-electric 
resonators 10. Namely, for example, in a case that the center frequency is 2 

25 GHz, the center frequency was varied by 1 through 2 MHz. Subsequently 
almost no problem is caused to occur. Further, when the distance La is 100 pm, 
the center frequency of the piezo-electric resonator 10 was not varied at all. 
Accordingly, it is preferable that the distance L3 is not larger than 150 jim. It 
is more preferable that the distance La is not larger than 100 pm. 
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Herein, a buffer (not shown in Pigs. 2 and 3) may be located for 
burying a space between the surface of the piezo-electric resonator 10 facing the 
lid 21 and the surface of the lid 21 facing the pie zo- electric resonator 10. 
Alternatively, the surface of the piezo-electric resonator 10 facing the lid 21 
5 may be functioned with the surface of the lid 21 facing the piezo-electric 
resonator 10. With the structures thus mentioned, the piezo-electric resonator 
10 comes to be pressed by the packaging substrate 19. A reliability of 
mounting the piezo-electric resonator 10 is thereby improved. Besides, an 
adhesive for fixing the piezo-electric resonator 10 and the lid 21 can be used as 

10 the buffer. In this casej the reliability of mounting the piezo-electric resonator 
10 is further improved. It is not restricted that the buffer is inserted between 
the surface of the piezo-electric resonator 10 facing the lid 21 and the surface of 
the lid 21 facing the piezo-electric resonator 10. The buffer can be inserted 
between the piezo-electric resonator 10 and the annular spacer 20. The buffer 

15 can also be inserted between a surface of the piezo-electric resonator 10 facing 
the packaging substrate 19 and a surface of the packaging substrate 19 facing 
the piezo-electric resonator 10* Thereby, similar meritorious effect can be 
obtained. 

While this invention has thus far been described in specific 
20 conjunction with several embodiments thereof, it will now be readily possible 
for one skilled in the art to put this invention into effect in various other 
manners. 

For example, the above description was made about a case that the 
present invention is applied to the SMR type pieso-electric resonator. The 
25 present invention can be applied to all of a stacked-type piezo-electric resonator 
using a piezo-electric film, such as a diaphragm type piezo electric resonator in 
which acoustic total reflection is carried out by opening a piezo-electric film 
interposed between upper and lower electrodes to the air in the upper and the 
lower directions thereof, a space-type piezo-electric resonator and the like. 



